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Description 

The present invention relates to a light-transmitting antireflection filter which is adhered to a display screen of a 
VOT such as a CRT display, a projection type display, a plasma display, an EL display, a liquid crystal display, and so 
5 on, or used as a front plate 

In general, a light-transmitting antireflection filter is provided on a display screen of a display device to prevent the 
deterioration of visibility of images due to reflection of illumination light or mirroring of a background. 

In the use of the display device, the display screen is stained with dirt from hands, fingerprints, sweat, cosmetics, 
and so on. When an antireflection coating is provided, such stain tends to become more visWe and is hardly removed. 
10 To suppress staining or to make it easy to wipe off the stains, H is devised to additionally form a stain proofing layer on 
the surface of the antireflection coating. 

For example. JP-A64-86101 discloses an antjref lection article with stain resistance and scuff resistance compris- 
ing a substrate, and an antireflection coating which comprises silicon dioxide and a surface of which is treated with a 
compound having an organic silicon substituerrt group. 
(5 JP-A-4-338901 discloses a CRT fitter with stain resistance and scuff resistance having an antireflection coaling 
which is coated with an organic polysilaxane having a terminal silanol group. 

Further, JP-B-6-29332 discloses a tow reflection plastic with a low reflectance and stain resistance comprising a 
plastic substrate, and an antireflection coating which is laminated on the plastic substrate and comprises a mono- and 
disilane compound having a potyfluoroalkyl group and a silane compound having a halogen atom, an alkyl group or an 
so alkoxy group. 

The disclosed antireflection filters have the stain resistance to some extent, but its stain resistance is unsatisfactory. 
In particular, since the once deposited stain is hardly wiped off, or should be wiped off with water and/or an organic 
solvent, a material which has the stain resistance tends to be removed by wiping, so that the filter has insufficient stain 
resistance and unsatisfactory durability thereof. 
25 An object of the present invention is to provide an antireflection fitter which has a better stain resistance than the 
conventional antireflection filters, from which stain can be easily wiped off, and such properties of which last long time. 

According to the present invention, there is provided an antireflection filter comprising a film- or sheet-form trans- 
parent substrate, an antireflection coating on at least one surface of said substrate, which coating comprises an inor- 
ganic compound, and a stain proofing layer on said antireflection coating, which layer comprises a silane compound 
30 having a number average molecular weight of 5 x 10 2 to 1 x 10 5 represented by the formula (I): 

R f - (OCF 2 CF 2 CF2) a - (OCFCF^- (OCF 2 ) c - * 
CF a 

Y 

'-(OCF 2 CF 2 ) d - OCFfCFzk-j-CHzO 



35 



AO 



45 



(CH 2 ) m -Sf-(R 1 ) 3 . n 

(R 2 )n . p 



wherein Rf is a straight or branched pert luoroalkyl group having 1 to 16 carbon atoms, X is an iodine atom or a hydrogen 
atom, Y is a hydrogen atom or a lower alkyl group, Z is a fluorine atom or a tr if luorometnyl group, Ft 1 is a hydrolyzable 
group, R a is a hydrogen atom or an inactive monovalent organic group, a, b, c and d are the same or different and each 
an integer of 0 to 200, e is 0 or 1,m and n are the 6ame or different and each 0, 1 or 2, and pis an integer of 1 to 10. 

so In the present invention; preferably the transparent substrate is made of any transparent material such as glass, 
transparent plasties, and so on, and in the form of a film or sheet. 

Examples of the transparent plastics are acrylic resins, polycarbonate resins, polyester resins, cellulose resins (e.g. 
triacetylcellulose, diacetylcellulose, etc.), styreriic resins, and so on. Among them, the acrylic resins are suitable in view 
of light transmission and weather resistance. 

55 Among the acrylic resins, an acrylic resin containing an acrylic rubber dispersed therein is preferred in view of 
impact resistance. Also, an acrylic resin comprising gtutaric anhydride units and/or glutarimide units is preferred in view 
of heat resistance. 

As the transparent substrate used in the present invention, an optical film or sheet having a polarization property, 
for example, an iodine- or dye-containing polarized light film or sheet comprising a polyvinyl alcohol resin, and a lami- 
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10 



1S 



so 



rate of such polarized light film or sheet and a celMose resin sheet or film are also used 
^efilnv.sheet-formt^^ 

A thickness varies depending on the final use of the ^reflection iH«n a no » ' s ^ ' t wni|e a haitj 

be formed on the hard coating lay r. ei ^ a nfihatransoarent substrate notonly increases the surface 

resin raw material. HaHani™ a resin raw material comprising the urethane-modified (meth)acrylic 

Among them, a layer obtained by hardening a resin raw ^maieno jDornp JL^ hardening a resin raw material 
oligomer by the irradiation of UVIigh^ 

conprising me silicone base p^^ reaction between a 

™euremane-mcd«ied(meth)acr^ 
poryurethane having terminal iso^ 

having terminal isocyanate may be eg polycapnlctonediol. polytetramethyl- 

^, P olyeth y .eneglyco.,propy.eneglycol ■f^^f ^^^^a, £). and trihydrlc or higher 
3 o pentyl glycol. 2 .ethyl-1.3-ha«ned.ol. 

35 acid, phthalic acid, maleic acid, fumaric acid, itaconic acid, and so on. transoarera substrate by a conven- 

Vo form the hard coating layer, the raw rrate*al » ^^^^.SX^^^sWelo 
tiona. coating method such as spin ^^^SX SSS composrtion and pulling 
form a coating layer urMf * « 5S?i?«*, whi^comprises forming a film 

pie. coating methods described in Yujl HarasaW. SSSSSSSf SuS5rrarUw»d »y KABUSHIKIKAISHA 

sition. ion plating, sputtenng. and so <>"■ -j-,^ to be coated is placed in a vacuum chamber, a pres- 

For example, in the vacuum vapor deposit on. the substrate to £P ^ fa for 

sure in the chancer is reduced to 10"« Torr or ^j^^ Z£^r**«ZJ\s condensed 
resistance heating or electron beam heating to <«"P«rt» *• ?^JZ^£St*nm a pair of electrodes 
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A structure of th antireflection coating is disclosed in, for example, U.S. Patent Nos. 3,185,020 and 3,432,225, the 
disclosures of which ar hereby incorporated by reference. 

Although there is an organic antireflection coating such as an antireflection coating comprising a polystyrene layer 
as disclosed in JP-A-6-344487, the antireflection coating to be used in the present invention comprises the inorganic 
5 compound lay r, since the silane compound layer with good durability cannot be formed on the organic antireflection 
coating. ■ 

Examples of the inorganic compound are silicon oxides (ag. silicon dioxide, silicon monoxide, etc.), metal oxides 
(e.g. yttrium oxide, aluminum oxide, magnesium oxide, thorium oxide, tin oxide, lanthanum oxide, indium oxide, neo- 
dymium oxide, antimony oxide, zirconium oxide, cerium oxide, titanium oxide, bismuth oxide, etc.), metal halides (e.g. 
w calcium fluoride, sodium fluoride, lithium fluoride, magnesium fluoride, lanthanum fluoride, neodymium fluoride, cerium 
fluoride, lead fluoride, etc.), metal sulfides (e.g. zinc sulfide, cadmium.sulf'de, antimony trisuH ide, etc.), metal eelentdes 
(e.g. zinc selenlde, etc.), metal teflurides (e.g. cadmium telluride, zinc telluride, etc.), silicon, germanium, tellurium, and 
soon. 

The layer comprising the silane compound is formed on the antireflection coating and functions as a stain proofing 
is layer. The silane compound is represented by the above formula (1 ) and has a number average molecular weight of 5 
x10 2 to 1x10 s . 

Ri of the formula (1) is a straight or branched perfluoroalkyt group having 1 to 16 carbon atoms, and preferred 
examples of the perfluoroalkyl group are -CF a , -C2F5 and -C3F7. 
A tower alkyl group for Y usually has 1 to 5 carbon atoms. 
20 Examples of the hydrolyzable group R 1 are halogen atoms (e.g. a chlorine atom, a bromine atom, an iodine atom, 
etc.), and groups of the formulas: -OR*, -OCOR 3 . •OC(R 3 )=C(R 4 ) 2 , -ON=C(R 3 )2, -ONsCR 5 , -N(R 4 ) 2 and -NfVOOR 3 
wherein R 3 fs a C^o aliphatic hydrocarbon group such as an alkyl group, or a aromatic hydrocarbon group such 
as a phenyl group, FT is a hydrogen atom or a . 5 alphatic hydrocarbon group such as an alkyl group, and R 5 is a C3. 
. 6 aliphatic divalent hydrocarbon group such as an alkylidene group. 
25 Preferred examples of the hydrolyzable group are a chlorine atom, and the groups of the formulas: -OCH3 and - 
OC2H5. 

R 2 of the formula (1) Is a hydrogen atom or an inactive monovalent organic group, preferably a C,. 4 monovalent 
hydrocarbon group such as an alkyl group. 

Each of a. b, c and d is an Integer of 0 to 200, preferably an Integer of 1 to 50. 
30 Each of m and n is 0, 1 or 2, preferably 0 (zero), 
p is an integer of 1 to 10, preferably 1 to 5. 

The number average molecular weight of the silane compound of the formula (1) is from 5 x 10 2 to 1 x 10 5 , prefer- 
ably from 1 x 10 3 to 1 x 10*. 

Preferred example of the silane compound is a compound of the formula (1) in which Rf is -C^r, a is an integer of 
35 1 to 50, b, c and d are 0 (zero), e is 1 (one), Z is a f luorrie atom and n is 0 (zero), that is, a compound of the formula (2): 



40 



Y 

C3F7-(OCF 2 CF 2 CF2) q -0(CF z ) z 4 CH2O 



I 

(CH2)„,-SI-(R')3 



-H 



46 wherein Y, m, R 1 and p. are the same as define above, and q is an integer of 1 to 50. 

The silane compound of the formula (1) may be prepared by treating a commercially available perfiuoropolyether 
with a silane, as disclosed in JP-A-1 -294709. 

To form the silane compound layer on the antireflection coating, the silane compound is coated on the transparent 
substrate or the hard coating layer by substantially the same method as the above described method for forming the 
so hard coating layer, for example, by spin coating, dip coating, roll coating, gravure coating, curtain flow coating, and so 
on. 

Preferably, the silane compound is diluted with a solvent and coated in view of easy control of the thickness of the 
silane compound layer and good workability. 

Examples of the solvent are a C5. 12 perlluorohvdrocarbon (e.g. perfluorohexane, pernuoromethylcydohexane, per- 
55 f luoro-1 ,3-dimetnylcyclohexane, etc.), aromatic polyffuorohydrocarbons (e.g. bis(trrfluwomethyl)benzene, etc.), 
aliphatic polyfluorohydroearbons, jand so on. 

A concentration of the.sane compound in the solvent in dip coating is preferably from 0.05 to 0.5 wt %. 

The thickness of the silane compound layer is preferably from 0.001 to 0.03 |im in view of the stain proofing effect 
and antireflection effect. 



4 



EP 0749 021 A2 



Th antireflection filter of the pres rrt invention is less stained than the conventional antiref lection filters. When it is 
stained, th stain can be easily removed from the surface of the fB r. ki addition, the antireflection filter of the present 
inv niton has excellent durability. Then, the antireflection filter of the present invention is adhered to or placed in front 
of the display screen of a VDT such as a CRT display, a projection type display, a plasma display, an EL display, a liquid 
5 crystal display, and so on, whereby it achieves the antireflection effect and also the stain proofing effect. 

EXAMPLES 

The present invention will be illustrated by the following Examples. 
n In Examples, the properties were measured as follows: . 

Reflectance 

Using an autographic spectrophotometer (MPS-2000 manufactured by SHIMADZU Corporation), an average 
is reflectance was measured at an incident angle of 1 5° in a wavelength range between 300 nm and 800 nm. 

Contact angle to water 

Using a contact angle meter (Type CA-A manufactured by KYOWA KAIMENKAQAKU KABUSHIKIKAISHA), a 
20 water droplet having a diameter of 1 .0 mm was formed on a tip end of a needle at room temperature, and touched to a 
sample surface to form a droplet on the sample surface. Then, an angle between the droplet and the sample surface 
was measured as a contact angle. 

Purabjlity of sjlaoe cornppund layer 

A sample surface was wiped off with a cellulose nonwoven fabric sheet (BENCOT manufactured by ASAHI CHEM- 
ICAL Co., Ltd.) by reciprocating the fabric sheet 20 times over the sample surface, and then a contact angle to water 
was measured to evaluate the durability of the silane compound layer. 

so Fingerprint staining 

On a sample surface, a right hand thumb was pressed for 3 seconds to stain the surface with the fingerprint Then, 
easiness of the fingerprint staining or visibility of the marked fingerprint was evaluated by eyes and ranked according to 
the following criteria: 

O : The sample surface being less stained by the fingerprint, and the marked fingerprint being less visible. 
X: The marked fingerprint being clearly recognized. 

Wiping off, of fingerjrirjtj T ia r lc . 

40 

The marked fingerprint on the sample surface was wiped with the cellulose nonwoven fabric, and easiness of wip- 
ing off of the marked fingerprint was evaluated with eyes, and ranked according to the following criteria: 

O : The marked fingerprint was wiped off completely. 
45 a: A trace of the narked fingerprint remained after wiping. 

X: Stain of the marked fingerprint was spread by wiping and could not be removed. 

Example 1 

so (1) Production of an acryt sheet having an antireflection coating 

An impact resistant acryt sheet (TECHNOLOY manufactured by Sumitomo Chemical Co., Ltd. Size: 800 mm x 300 
mm x 0.25 mm) one surface of which was covered with a masking film was dipped in a urethane acrylate hard coating 
agent (UNIDEX 17-606 manufactured by DAINIPPON INK CHEMICALS Co., Ltd.) which had been diluted with toluene 
55 toasolidcontemof30wt.%,andpUledipatarateof45crrvmia, whereby the hard ccatir^ agent was applied on the 
unmasked surface of the acryt sheet. After evaporating off the solvent, the masking film was removed, and the surface 
of the sheet carrying the coated hard coating agent was irradiated by a 120 W metal halide lamp (UB 0451 manufac- 
tured by EYE GRAPHICS) from a distance of 20 cm for 10 seconds to form a hard coating layer on one surface of the 
acrylic sheet. 
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The acryl sheet carrying the formed hard coating layer is vacuum deposition chamber of a vacuum deposition 
apparatus (BMC-700 manufactured by KABUSHIKIKAISHA SYNCLON), and a pressure in the chamber was reduced 
to 2 x 10' 5 Torr. Then, silicon dioxide, titanium dioxide, silicon dioxide, titanium dioxide and silicon dioxide were vapor 
deposited using th electron beam to form five layers having thicknesses of 15, 15, 28, 107 and 90 nm, respectively to 
s obtain the acryl sheet having the antiref lection coating. 

(2) Preparation of a stain proofing liquid (a solution of a silane compound) 

As disclosed in Example 4 of US Patent No. 5,081.192 and EP-B-343 526. the disclosures of which are hereby 
to incorporated by reference, trichlorcvinyteilane of the formula: 

CH2=CHSCl3 

was reacted with a fluorine-containing polyether of the formula (3): 

C3F r (OCF 2 CF 2 CF 2 )24-0(CF^ 2 l (3) 

which was disclosed in Example 6 of US Patent No. 5,081 ,192 and EP-B-343 526. Thereafter, the obtained iodine-con- 
taining silane compound was treated with zinc powder and methanol to obtain the silane compound of the formula (4): 



is 



20 



25 



C 3 F 7 - <OCF 2 CF 2 CF 2 ) 24 -0(CF 2 ) 2 - -CHjCH 



SI-(OCH 3 ) 3 



-H 



1-10 



which had a number average molecular weight of about 5000. 
Concretely, the above silane compound was prepared as follows: 

so In a 200 ml four-necked flask equipped with a 6tjrrer, a dropping funnel, a condenser and a thermometer, a solution 
of the o»-fluoropoly(perf luorooxetane) iodide of the above formula (3) (40 g) in hexaf luorotetrachlorobutane (80 g), and 
di-tert.-butylperoxide (1.5 g, 1 x 10' 2 mole) were charged. After replacing the interior atmosphere with nitrogen thor- 
oughly, vinyftrichlorosilane (1 6.1 g. 0. 1 mole) was dropwise added from the dropping funnel under nitrogen atmosphere. 
After the addition of vinyltrichlorosilane, an interior temperature of the flask was raised to 120"C, and the mixture was 

35 reacted for 4 hours. After the reaction, volatile materials were completely distilled off under reduced pressure to obtain 
a silane compound having an iodine atom at a molecule terminal (38.7 g). 

Then, the obtained silane compound having the terminal iodine atom (34.4 g) wasdissotved in perfluorohexane (50 
g), and charged in the same flask as used in the above step. In the flask, zinc powder (2.1 g, 3.2 x 10" 2 mole) was 
added, and the mixture was stirred vigorously to disperse zinc powder. After cooling the flask in an iced water bath, 

40 anhydrous methanol (10 g) was dropwise added under nitrogen atmosphere. After the addition of methanol, the iced 
water bath was removed, and the mixture in the flask was heated and reacted while ref luxing for 2 hours. After the reac- 
tion, insoluble materials were filtrated off. The remaining liquid phase was separated in two layers, and the lower layer 
was recovered by a separating funnel. After washing the obtained solution with anhydrous methanol three times, volatile 
materials were completely distilled off to obtain the silane compound the terminal of which is hydrogenated represented 

45 by the above formula (4) (31 .6 g). 

In 1 H-NMR of the prepared compound (4), a broad band, which wae due to hydrogen atoms of - 
[CH^HtSKOCHa^.jo-fcL appeared in the range between 1 .2 ppm and 3.0 ppm. 

With the addition of 5.0 mol % of <»-fluoropoty(perlluorooxetane) hydride as an internal standard, the compound 
was subjected to 'H-NMR. From the following relationship, a polymerization degree, that is, an average value of "p" in 

so the formula (2) was calculated to be 2.0: 

l/l s = 0.95(3p+1)/0.05 

in which I is an integrated absorption intensity in the range between 1.2 ppm and 3.0 ppm, and t is an integrated 
55 absorption intensity of the internal standard compound. 

The obtained silane compound (4) was dissolved in perfluorohexane to obtain a solution with a concentration of 1 .7 
g/liter (about 0.1 wt.%). 
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(3) Coating of the acrylic sheet having the antireflection coating with the stain proof nig layer (silane compound layer) 

After covering the uncoated surface of the acrylic sheet having th antireflection coating produced in the above (1 ) 
with a masking film, the sheet was dipped in th stain proofing solution prepared in the above (2), and pulled up at a 
5 rate of 15 cnVmin. to apply the stein proofing solution to the antireflection coating. After the application of the solution, 
the sheet was Kept standing at room temperature for one day to evaporate off the solvent to form the stain proofing layer 
on the antireflection coating. Thereafter, the masking film was removed to obtain the antireflection fitter. 
The properties of the filter were measured as described above. The results are shown in the Table. 

to ComparatiYe Example 1 

The acrylic sheet having the antireflection coating obtained in the step (1) of Example 1 was subjected to the eval- 
uations of the properties. The results are shown in the Table. 

is Comparative Example ? 

In the same manner as in Example 1 except that, as a stain proofing solution, a solution of CBFnCzfySitOoya 
(XC98-A5382 (trade name) manufactured by TOSHIBA SILICONE KABUSHIKIKAISHA) dissolved in isobutanol to a 
concentration of 1 .6 g/liter was used, an antireflection filter was produced. 
20 The properties are shown in the Table. 

CorpparatiYe Example 3 

In the same manner as in Example 1 except that, as a stain proofing solution, a solution of dimethylpolysiloxane 
25 having silanol groups at both terminals (XF3905 (trade name) manufactured by TOSHIBA SILICONE KABUSHIKIKAI- 
SHA) dissolved in a mixed solvent of methyl isobutyl ketone and cyciohexanone (volume ratio of 6:4) to a concentration 
of 1 g/liter was used, an antireflection filter was produced. 

The properties are shown in the Table. 

30 Example 2 

In the same manner as in Example 1 except that a polarized Bght film having sizes of 200 mm x 300 mm x 0.3 mm 
(SUMIKALAN (trade name) manufactured by Sumitomo Chemical Co., Ltd. having a trilayer structure of triacetyteellu- 
lose layer/iodinebase polarized light film comprising polyvinyl alcohoIAriacetytcellutose layer) was used in place of the 
35 impact resistant acryl sheet, an antireflection filter was produced. 

The properties are shown in the Table. 



Table 



45 



Example 
No. 


Reflectance 


Contact angle 
(degrees) 


Durability 
(degrees) 


Fingerprint stain 










Staining 


Wiping off 


Example 1 


0.38 


112 


111 


o 


o 


Comp. Ex. 1 


0.43 


33 


32 


X 


X 


Comp. Ex.2 


0.50 


106 


103 


X 


A 


Comp. Ex. 3 


0.89 


100 


99 


X 


A 


Example 1 


0.37 


111 


111 


O 


O 



55 Claims 

1. An antireflection filter comprising a film- or sheet-form transparent substrate, an antireflection coating on at least 
one surface of said substrate, which coating comprises an inorganic compound, and a stain proofing layer on said 
antireflection coating, which layer comprises a silane compound having a number average molecular weight of 5 x 
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10 2 to 1 x 10 5 represented by the formula (I): 



10 



is 



to 



R f - (OCF 2 CF 2 CF 2 )r (OpFCFa),,- (OCF 2 ) - * 



CF 3 



*-{OCF 2 CF 2 ) d - 0CF(CF2>,-- 
Z 



Y 
I 



CH 2 (j>- 



(CH^-Si-tRiJa.n 

(R 2 )n Jp 



wherein R) Is a straight or branched perttuoroalkyl group having 1 to 16 carbon atoms, X is an iodine atom or a 
hydrogen atom, Y i6 a hydrogen atom or a lower alky] group, Z is a fluorine atom or a trif luoromethyl group, R 1 is a 
hydrolyzable group, R 2 is a hydrogen atom or an inactive monovalent organic group, a, b, c and d are the same or 
different and each an integer of 0 to 200, e is 0 or 1, m and n are the same or different and each 0, 1 or 2, and p is 
an integer of 1 to 10. 



2. The antireflection filter according to claim 1 , wherein, in the formula (1), R| is -C3F7, a is an integer of 1 to 50. b, c 
and d are 0, e is 1 , Z is a fluorine atom and n is 0. 
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3. The antireflection filter according to claim 1 or 2, wherein p in the formula (1) is 1 (one). 

4. The antireflection filter according to any of claims 1 to 3 which further comprises a hard coating layer between said 
substrate and said antireflection coating. 
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5. The antireflection filter according to any of claims 1 to 4, wherein said substrate has a thickness of 0.01 to 1 0 mm. 

6. The antireflection filter according to any of claims 1 to 5, wherein said antireflection coating comprises at least two 
layers, and the layer of said coating which is remotest from said substrate comprises a materia) selected from the 

35 group consisting of silicon dioxide and metal oxides. 

7. The antireflection fitter according to any of claims 1 to 6, wherein said stain proofing layer has a thickness of 0.001 
to 0.03 tun 

49 & A method for the stain proofing of an antireflection filter which a film- or sheet-form transparent substrate and an 
antireflection coating on at least one surface of said substrate, said coating comprising an inorganic compound, 
comprising providing a layer of a silane compound of the formula (1) in claim 1 on said antireflection coating. 

9. The method according to claim 8, wherein said layer of the silane compound has a thickness of from 0.001 to 0.03 
45 urn. 

10. The method according to claim 8 or 9, wherein said silane compound is applied in the form of a solution with a con- 
centration of 0.05 to 0.5 wt. %. 

so 11. The method according to claim 10, wherein said solution is one in a perfluorohydrocaibon. 

12. The method according to any of claims 8 to 1 1, wherein said antireflection coating comprises at least two layers, 
and the layer of said coating which is remotest from said substrate comprises a material selected from the group 
consisting of silicon dioxide and metal oxides. 
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